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The decay width τ → K∗−(892)ηντ was calculated in the Nambu–Jona-Lasinio model. Four
channels were taken into account: the contact channel (the final states are directly producted
from lepton current without any intermediate meson states), the axial-vector channel with two
intermediate physical states K1(1270) and K1(1400), the vector channel with intermediate K∗(892)
meson and the pseudoscalar channel with intermediate K meson. It is shown that the first two
channels give the dominant contribution to the decay width. Of the remaining two channels, the
pseudoscalar channel plays a more prominent role. The final result is in satisfactory agreement with
experimental data. Prediction for the differential decay width is presented.
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I. INTRODUCTION
Hadronic decays of τ lepton are very important for
studying QCD phenomena at low energies. Various decay
modes including an η meson represent a wide class of
decays that are still poorly studied. One of the important
tasks in this field is to test effective chiral theories. The
τ decay amplitudes in these theories can be obtained on
the basis of the U(3)×U(3) chiral-symmetric models. At
the same time, the partial and differential widths of the
processes can be described within the standard Nambu-
Jona-Lasinio (NJL) model [1–12].
The process τ → K∗−(892)ηντ has been repeatedly
studied in various theoretical [13, 14] and experimental
works [15]. In the paper [13], to describe the decay width
of τ → K∗−(892)ηντ , the U(3) × U(3) chiral-symmetric
model and the vector dominance model (VDM) were
used. As a result, in [13] with the mixing angle for η
and η
′
mesons θ = −20◦, the value for the partial width
Br(τ → K∗−(892)ηντ ) = 1.01 × 10−4 was obtained at
experimental value Br(τ → K∗−(892)ηντ )exp = (1.38 ±
0.15)× 10−4 [15].
This process was also studied in [14]. However, it was
used there to fit model parameters from experimental
data and calculate other decay modes.
In the present paper, in the framework of the stan-
dard U(3)×U(3) chiral-symmetric NJL model, the decay
width of τ → K∗−(892)ηντ is calculated and the differen-
tial distribution over the invariant mass of the meson pair
K∗(892)η is predicted. In this model the decay width
Br(τ → K∗−(892)ηντ ) = 1.22× 10−4 is obtained for the
mixing angle θ = −19◦ [16] of η and η′ mesons.
An important feature of the present paper is taking
into account the splitting of the axial-vector meson K1A
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into two physical states, due to the mixing of strange
axial-vector mesons K1A from nonet 3P1 and K1B from
nonet 1P1:
K1A = K1(1270) sinα+K1(1400) cosα,
K1B = K1(1270) cosα−K1(1400) sinα, (1)
where α = 57◦ [17, 18].
This effect was also considered in the papers [5, 13, 19–
22].
II. EFFECTIVE QUARK-MESON
LAGRANGIAN
In the NJL model, a fragment of the quark-meson
Lagrangian of the interaction containing the mesons in-
volved in the process under consideration has the form
[5]:
∆Lint = q¯
[
gK1
2
γµγ5
∑
j=±
λKj K
j
1µ
+
gK∗
2
γµ
∑
j=±
λKj K
∗j
µ + igKγ
5
∑
j=±
λKj K
j
+i sin(θ¯)gηuγ
5ληuη − i cos(θ¯)gηsγ5ληsη
]
q, (2)
where q and q¯ are the fields of u, d, and s quarks with
constituent massesmu ≈ md = 280 MeV,ms = 420 MeV;
λ are linear combinations of the Gell-Mann matrices; θ¯ =
θ − θ0, where θ = −19◦ is the deviation from the ideal
mixing angle θ0 = 35.3◦ of mesons η and η
′
[16].
The constants of the quark-meson interaction:
gK1 = gK∗ =
(
2
3
I11
)−1/2
,
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2gK =
(
4
ZK
I11
)−1/2
,
gηu =
(
4
Zηu
I20
)−1/2
,
gηs =
(
4
Zηs
I02
)−1/2
,
where
Zηu =
(
1− 6 m
2
u
M2f1(1285)
)−1
,
Zηs =
(
1− 6 m
2
s
M2f1(1420)
)−1
,
ZK =
(
1− 3
2
(ms +mu)
2
(
sin2(α)
M2K1(1270)
+
cos2(α)
M2K1(1400)
))−1
.
Here Zηu , Zηs , and ZK are additional renormalization
constants appearing in the transitions between axial-
vector and pseudoscalar mesons [16], Mf1(1285) = 1282±
0.5 MeV, MK1(1270) = 1272 ± 7 MeV, MK1(1400) =
1403 ± 7 MeV, Mf1(1420) = 1426.3 ± 0.9 MeV [15]. In
the indicated expression for ZK , the splitting of the state
K1A into two physical mesons K1(1270) and K1(1400) is
taken into account [22].
Integrals appearing in quark loops:
In1n2 = −i
Nc
(2pi)4
∫
Θ(Λ2 − k2)
(m2u − k2)n1(m2s − k2)n2
d4k, (3)
where Λ = 1.25 GeV is the cutoff parameter [5].
By the ground state of the field K1 given in the La-
grangian we mean the field K1A related to nonet 3P1 and
splitting into two physical states K1(1270) and K1(1400)
(1). The contribution of strange axial-vector mesons from
the nonet 1P1 in weak decays can be ignored [21, 22].
III. THE PROCESS τ → K∗−(892)ηντ IN THE NJL
MODEL
The diagrams of the process τ → K∗−(892)ηντ are
shown in Figs. 1 and 2.
The amplitude of the process in the NJL model takes
the form:
M = 2iGFVusLµ
[
Mc +MAV (1270)
+MAV (1400) +MV +MPS
]
µν
e∗ν(pK∗), (4)
Figure 1: Contact diagram.
Figure 2: Diagram with intermediate mesons.
where GF is the Fermi constant, Vus is the element of
the Cabibbo-Kobayashi-Maskawa matrix, Lµ is the lep-
ton current and e∗ν(pK∗) is the polarization vector of the
meson K∗(892). The terms in parentheses describe the
contributions from the contact diagram and from dia-
grams with various intermediate mesons in the ground
states:
Mµνc =
3
2gK∗
(
msgηu +
√
2mugηs
)
gµν
−i
[
mugK∗gηu [I21 +mu(ms −mu)I31]
−
√
2msgK∗gηs [I12 −ms(ms −mu)I13]
]
×eµνλδpηλpK∗δ, (5)
MµνAV (1270) =
3
2gK∗
(
msgηu +
√
2mugηs
)
×
[
gµλ
[
q2 − 3
2
(ms +mu)
2
]
− qµqλ
]
×BWK1(1270)λδ sin2(α)gδν , (6)
3MµνAV (1400) =
3
2gK∗
(
msgηu +
√
2mugηs
)
×
[
gµλ
[
q2 − 3
2
(ms +mu)
2
]
− qµqλ
]
×BWK1(1400)λδ cos2(α)gδν ,
(7)
MµνV = −igK∗
[
mugηu [I21 +mu(ms −mu)I31]
−
√
2msgηs [I12 −ms(ms −mu)I13]
]
×
[
gµξ
[
q2 − 3
2
(ms −mu)2
]
− qµqξ
]
×BWK∗ξζ eζνλδpηλpK∗δ, (8)
MµνPS = −
3
2gK∗
(ms +mu)ZK
(
gηu +
√
2gηs
)
×
[
1− 3
2
(ms +mu)
2
(
sin2(α)
M2K1(1270)
+
cos2(α)
M2K1(1400)
)
−3
2
msgηu +
√
2mugηs
gηu +
√
2gηs
(ms +mu)
×
(
sin2(α)
M2K1(1270)
+
cos2(α)
M2K1(1400)
)]
qµqνBWK . (9)
Intermediate mesons are described by the Breit-
Wigner propagators:
BWµνM =
gµν − qµqν
M2M
M2M − q2 − i
√
q2ΓM
(vector and axial-vector case) (10)
BWM =
−1
M2M − q2 − i
√
q2ΓM
(pseudoscalar case) (11)
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Figure 3: The invariant mass distribution for the
system of K∗(892)η for the decay τ → K∗(892)ηντ
Channels Br (×10−4)
AV 1.217
PS 0.0396
V 0.0028
Total 1.224
Table I: Separate contributions to the process
τ → K∗−(892)ηντ in the NJL model.
The results obtained by using this amplitude are shown
in Table I.
The experimental value for the decay width of this pro-
cess [15]:
Br(τ → K∗−(892)ηντ )exp = (1.38± 0.15)× 10−4.(12)
IV. CONCLUSION
In the present work, a satisfactory description of the
decay τ → K∗(892)ηντ was obtained in the framework of
the standard NJL model. The calculations show that the
main contribution to the decay width τ → K∗(892)ηντ
comes from the axial-vector channel with the intermedi-
ate mesons K1(1270) and K1(1400) considered together
with the contact diagram contribution with the interme-
diate axial-vector W boson. The contribution from the
vector channel with the intermediate K∗−(892) meson
together with the contact channels with the intermediate
vector W boson is 3 orders less than the above contribu-
tions. The vector amplitude is orthogonal and does not
interfere with other channels. A more significant contri-
bution is made by a channel with an intermediate pseu-
doscalar K meson.
As was noted in the Introduction, this process was
studied in Ref. [13] within the framework of a model close
to the NJL one. However, it differs from the NJL model
by a slightly different approach to obtain meson vertices,
and in particular, vertices with the W boson [13, 19].
Indeed, for the construction of vertices of mesons with
W boson the vector dominance model was used. At the
same time, in the NJL model, these vertices are described
by using quark loops like all other meson vertices and the
results of the vector dominance model are automatically
reproduced.
Prediction for the differential decay width of τ →
K∗(892)ηντ is presented in the Fig.3. It should be em-
phasized that all results have been obtained with the pre-
viously determined parameters of the NJL model without
any additional free parameters. The results obtained in
this work are in satisfactory agreement with experimental
data.
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